Abstract: Poverty eradication is currently a central issue within the national economic development strategy in developing countries. Understanding the spatial changes and possible drivers of poverty from different geographical perspectives has the potential to provide a policy-relevant understanding of the trends in poverty. By district-level data, poverty incidence (PI), and a statistical analysis of the period from 2005 to 2011 in Nepal, we used the location quotient (LQ), as well as the Lorenz curve, to inspect the poverty concentration and the spatial-temporal variation of poverty in Nepal. As such, this study analyzed the change in identified typologies of poverty using an approach, which accounts for inter-regional and three identified terrain components. The PI methodological approach was applied in order to (i) compare the spatial change in poverty for Nepal during the study period from a geographical-administrative perspective and (ii) to develop Lorenze curves which show the change of poverty concentration over the study period. Within the Foster-Greer-Thorbecke (FGT) approach, PI was further used, in combination with the indices of poverty gap (PG) and squared poverty gap (SPG), in order to highlight the unidimensional poverty (UP), that is the incidence, depth, and severity of poverty between 2005 and 2011. Simultaneously, the spatial relationship between UP and economic development was assessed, leading to five specific economic modes or typologies of poverty. Our findings identified that proportional poverty appears to have grown in mountainous areas as well as more urbanized and developed regions, while the mid hill regions have steadily reduced proportions of poverty. We propose a hypothesis, for further examination, which suggests that the increase in proportional poverty in the mountain regions is as a result of the migration to the urban areas of Nepal of the relatively less poor, leaving behind a trapped poorer population. This migration to urban areas of the relatively less poor, rather counterintuitively, produced an increase in proportional poverty in the urban areas. This is due to the fact that while this population represents the wealthier mountain communities, they are still relatively poor in an urban setting.
Introduction
Poverty is both an objective (absolute) and subjective (relative) phenomenon that has been experienced throughout human social development [1] , and poverty alleviation is a major challenge for all nations, especially developing countries [2] [3] [4] . Within scientific communities, the understanding of poverty has progressively deepened. Monetary poverty is the primary and initial stage of poverty [5, 6] . With social development, the concepts of capability poverty and entitlement poverty were proposed by the Nobel Prize winner Amartya Sen in the 1980s [7, 8] , which broadened the understanding of facilities or services for alleviating poverty in difficult terrains, such as rural road construction [54] and energy accessibility [55] , as well as the nexus between poverty and political conflicts, including violence and wars [56] [57] [58] .
There have been few investigations of the spatial differences of poverty and their drivers over time in Nepal. Nevertheless, Nepal is an appropriate location for investigating spatial poverty for two reasons. First, Nepal is considered to be one of the world's most underdeveloped countries, ranking 145th in the Human Development Index in 2014. The nation has experienced a high occurrence of poverty and hunger for a long time. Second, the nation consists of diverse geographical features and ecological zones, such as the Tarai in the south (17% of its whole territory), the high hills in the central area (68% of its whole territory), and the high mountains in the north (15% of its whole territory). Each region shows distinct biophysical and socioeconomic features, which are accompanied by differences in the human-rural land relationship that are largely associated with the exploitation of natural resources.
Migration in Nepal is a well-studied phenomenon, with work identifying potential environmental drivers of migration [59] , as well as clear economic, social and cultural incentives for migration from poorer, remote mountainous regions to the lower-altitude urbanizing centers [60] , as well as more strategic seasonal migration [61] . Migration is contributing to the process of urbanization, with some of the highest rates of urban growth in the world, at 2% per annum with internal migration making up 45% of new income to cities. The dominant areas from which people migrate into the cities are the mountains [62] . This process is reflected in the higher poverty rates of urban settlements where migration is high and often in the suppressed labor markets [63] . Evidence to support this process can be found in the increase in poverty seen in sending areas; in Nepal, this includes mountainous regions, where populations who are unable to migrate can become trapped [64] .
This study was designed to demonstrate spatial differences in poverty in Nepal, as well as its spatial dynamics in terms of geography from 2005 to 2011. Using the Foster-Greer-Thorbecke (FGT) poverty measures and the location quotient of poverty, as well as a simple computation method concerning the three aspects of the FGT measurement to determine unidimensional poverty, a more distinct dynamic of poverty evolution was obtained. The findings may improve our understanding of poverty distribution and its spatial features across a diverse range of geographical regions over time, as well as supporting the targeted development of poverty-related interventions for Nepal.
Materials and Methods

Study Area
The study focused on spatial features and changes of unidimensional poverty (UP) from 2005 to 2011 in Nepal ( Figure 1 ). Occupying an area of 147,181 km 2 (26 • 22 N-30 • 27 N, 80 • 4 E-88 • 12 E) in South Asia, Nepal is a landlocked country, with an elevation range of 70 m to above 8000 m. In 2011, the annual population growth rate was 1.35%, with a total population of 26.5 million. According to its topographical conditions, there are three ecological zones in Nepal; that is, mountain, hill, and Tarai (i.e., flat plain), which contain 6.73, 43 .00, and 50.27% of the total population, respectively. Nepal's administrative units were changed after the state's reconstruction of administrative divisions in 2015. However, our study was mainly based on the data at the district level, which changed relatively less and had no effect on poverty dynamics during the study period. Furthermore, during our study period, Nepal had five Development Regions for administrative purposes: the Eastern Development Region (the Eastern), the Central Development Region (the Central), the Western Development Region (the Western), the Mid-Western Development Region (the Mid-Western), and the Far-Western Development Region (the Far-Western). Based on the five Development Regions, the nation was further subdivided into 14 zones, as well as 75 districts during this period. 
Data
For qualitative and quantitative analysis in our study, we used the population, area, the poverty incidence (PI) 
Methodology
Measuring Unidimensional Poverty and the Poverty Concentration
The FGT indices (Pa) introduced by Foster et al. [65, 66] were applied to measure the UP of Nepal from 2005 to 2011. FGT, which is a class of decomposable poverty measures, was used to observe the incidence, depth, and severity of poverty, respectively, according to the value of a. For a = 0, 1, and 2, the FGT Pa refers to the head count ratio (i.e., poverty incidence, PI), the poverty gap (abbreviated to PG), and the squared poverty gap (SPG), respectively. SPG, which is similar to PG weighting for the poor based on how poor they are, gives the very poor a relatively greater weight than those who fall closer to the poverty line.
Moreover, for disclosing Nepal's spatial concentration of poverty during the study period, we initially used the location quotient (LQ) [67] , as well as the Lorenz curve, to investigate the poverty distribution among Development Regions, terrain zones, and different terrains in Development Regions.
Measuring PI, PG and SPG's Spatial Differences.
We defined PI difference (PID), PG difference (PGD), and SPG difference (SPGD) as the change of PI, PG and SPG between 2005 and 2011, that is, PID = PI2011 − PI2005, PGD = PG2011 − PG2005, SPGD = SPG2011 − SPG2005. For district i (i = 1, 2, 3, …, 75), its PID, PGD and SPGD were respectively marked as PIDi, PGDi and SPGDi. The maximum and minimum PID, PGD and SPGD were recorded respectively as PIDmax (>0), PIDmin (<0), PGDmax (>0), PGDmin (<0), SPGDmax (>0) and SPGDmin (<0). In order to make the change of PI, PG and SPG more understandable and targeted, PIDs, PGDs and SPGDs were respectively reclassified into four grades as follows: 
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Methodology
Measuring Unidimensional Poverty and the Poverty Concentration
Moreover, for disclosing Nepal's spatial concentration of poverty during the study period, we initially used the location quotient (LQ) [67] , as well as the Lorenz curve, to investigate the poverty distribution among Development Regions, terrain zones, and different terrains in Development Regions. respectively as PID max (>0), PID min (<0), PGD max (>0), PGD min (<0), SPGD max (>0) and SPGD min (<0). In order to make the change of PI, PG and SPG more understandable and targeted, PIDs, PGDs and SPGDs were respectively reclassified into four grades as follows:
(1) For PIDs, they were reclassified as The GDP per capita at the district level in Nepal in 2011 was selected to inspect the combination relationship between each of FGT indices (PI, PG and SPG) and economic development. Delaunay triangulation, which has been proven powerful for capturing spatial proximity and spatial clustering [68, 69] , was employed here to determine the cluster model of the combination relationship.
Results
Overall Trend of Poverty Change in Nepal from 2005 to 2011
For the whole nation, as well as the five Development Regions and three terrain zones, the PI and poor people displayed gradually decreasing trends over the study period (Figure 2 ). Over the same period, the total number of poor people in Nepal decreased from 8.6778 million to 6.2144 million, with the PI decreasing from 33.57 to 23.34%. As shown in Table 1 , the PG and SPG of Nepal were 9.70 and 3.90% in 2005, respectively, while the corresponding values in 2010 were 5.43 and 1.81%. Moreover, the poverty LQ's range and standard deviation in Nepal were 1.67 and 0.37 in 2005, respectively, while the corresponding values in 2011 were 2.57 and 0.57, respectively. Accordingly, the depth and severity of poverty across the whole of Nepal decreased from 2005 to 2010. However, the poverty distribution's absolute and relative differences in Nepal increased during the same period. In Development Regions, the largest decline for PI was seen in the Western, followed by the Mid-Western and Eastern (Figure 2A) . A substantial decline was also observed in the Western, followed by the Mid-Western and Central regions. In the Far-Western, there was a weak decline in PI, while the number of poor people stabilized. A positive correlation was found between the changes in PI and poverty among the Development Regions over the study period. From Table 2 , the PG and SPG of the Development Regions followed simultaneous declining trends. The magnitude of the decline was largest in the Western and Mid-Western. The poverty LQ's range and standard deviation in Development Regions displayed a consistent increasing trend in the Western, Mid-Western, and Far-Western. Both of the indices referred to above presented decreasing trends in the Central, with the inverse pattern observed in the Eastern. Although the depth and severity of poverty in Development Regions has been alleviated, the absolute and relative differences of poverty among Regions revealed a complicated pattern. There were increasing trends in absolute and relative poverty in the Western, Mid-Western, and Far-Western, yet the Central showed a decreasing tendency. For the Eastern, there was an increasing tendency in absolute poverty, but a decreasing trend in relative poverty. For terrain zones, a positive correlation was also found between the change of PI and poor people ( Figure 2B ). The order of the decline in PI and overall poverty was hill > Tarai > mountain. It can be seen from Table 3 that the PG and SPG of terrain zones all displayed downward trends over the study period. Compared to the mountain, the hill and Tarai zones had a larger magnitude of decline in PG and SPG. The poverty LQ range and standard deviation exhibited similar rising trends from 2005 to 2011. It is, therefore, obvious that the depth and severity of poverty in the terrain zones were alleviated; however, poverty's absolute and relative differences increased in the three zones during the study period. 
Poverty Concentration in Nepal from 2005 to 2011
The Lorenz curve was applied to investigate the concentration of poverty in Nepal. As shown by Figure 3 , around 72 and 73% of the population in poverty in 2005 and 2011, respectively, was located in 50% of the territory of the nation. This indicates that the concentration of poverty increased slightly during the study period. 
The Lorenz curve was applied to investigate the concentration of poverty in Nepal. As shown by Figure 3 , around 72 and 73% of the population in poverty in 2005 and 2011, respectively, was located in 50% of the territory of the nation. This indicates that the concentration of poverty increased slightly during the study period. For Development Regions, around 71, 67, 76, 80, and 52% of poor people were located in 50% of the land area of the Regions from east to west, respectively, in 2005 ( Figure 4A ), while the corresponding values were 71, 75, 77, 80, and 55% in 2011 ( Figure 4B ). The Central experienced a marked spatial centralization, and the poverty centralization in the Western and Far-Western also increased by one and three percentage points, respectively. In addition to the increasing trend for poverty concentration, the extent of poverty concentration varied across the Regions in 2011. Poor people were more centralized in the Central, Western, and Mid-Western compared to 2005 as a whole, while that in the Far-Western presented a more even distribution.
In the different terrains, the concentration of the poor was very different among the mountain, hill, and Tarai zones. In 2005, 72% of the mountain poor lived in 50% of the territory, with the corresponding figures being 62% and 60% for the hill and Tarai zones ( Figure 4C ). In 2011, the corresponding figures In the different terrains, the concentration of the poor was very different among the mountain, hill, and Tarai zones. In 2005, 72% of the mountain poor lived in 50% of the territory, with the corresponding figures being 62% and 60% for the hill and Tarai zones ( Figure 4C ). In 2011, the corresponding figures were 76% in the mountain zone, 60% in the hill zone, and 66% in the Tarai zone ( Figure 4D ). Compared with 2005, by 2011 poor people had become more centralized, except for in the Hill zone.
PI Comparison for Three Geographical Divisions in Nepal from 2005 to 2011
PI comparison was carried out across three geographical divisions: administrative areas (Development Regions), geographical areas (terrain zones) and geographical-administrative areas (different terrain zones in Development Regions). Moreover, according to the PI in 2005 and 2011, all the districts were classified into five grades, respectively: low (4%-16%), relatively low (16%-28%), moderate (28%-40%), relatively high (40%-52%) and high (more than 52%).
Administrative Divisions
For Development Regions, overall poverty levels of four Regions showed a reducing trend while only that of the Far-Western presented an increasing trend ( Figure 5 ). As for the Eastern and Central in 2005, they contained districts where all five poverty ranks were prevalent, with the proportion of districts with high poverty being 18.75 and 5.26%, respectively, and those with relatively high poverty being 43.75 and 21.05%, respectively. In 2011, there were no districts in these two Regions with high or relatively high poverty, and the most relatively low poverty districts appeared among 
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Administrative Divisions
For Development Regions, overall poverty levels of four Regions showed a reducing trend while only that of the Far-Western presented an increasing trend ( Figure 5 ). As for the Eastern and Central in 2005, they contained districts where all five poverty ranks were prevalent, with the proportion of districts with high poverty being 18.75 and 5.26%, respectively, and those with relatively high poverty being 43.75 and 21.05%, respectively. In 2011, there were no districts in these two Regions with high or relatively high poverty, and the most relatively low poverty districts appeared among them. This indicates that the poverty of these two Regions decreased significantly over time. For the Western, the original four poverty ranks changed to three ranks. Districts with relatively high poverty accounted for 31.25% of all districts in 2005, whereas this figure became 0 in 2011. Additionally, the proportion of districts with low and relatively low poverty increased substantially. For the Mid-Western, its overall poverty also reduced by enlarging the proportion of moderate and relatively low poverty and diminishing that proportion of relatively high poverty. As for the Far-Western, its main rank was changed from relatively high (77.78%) in 2005 to relatively high (44.44%) and high (33.33%) in 2011.
Sustainability 2018, 10, x FOR PEER REVIEW 9 of 23 them. This indicates that the poverty of these two Regions decreased significantly over time. For the Western, the original four poverty ranks changed to three ranks. Districts with relatively high poverty accounted for 31.25% of all districts in 2005, whereas this figure became 0 in 2011. Additionally, the proportion of districts with low and relatively low poverty increased substantially. For the MidWestern, its overall poverty also reduced by enlarging the proportion of moderate and relatively low poverty and diminishing that proportion of relatively high poverty. As for the Far-Western, its main rank was changed from relatively high ( 
Geographical Divisions
From the perspective of terrain zones, overall poverty of hill and Tarai presented a reducing trend, as well as a homogenization tendency among districts ( Figure 6 ). However, the poverty incidence of mountain zones showed an increasing trend, especially in the high poverty rank. For the mountain zone, there were four poverty ranks with varying proportions prevalent during 2005-2011. The proportion of districts with relatively low poverty increased from 12.5% in 2005 to 31.25% in 2011, and that with relatively high poverty declined from 50% to 18.75%. However, the proportion of districts with high poverty increased from 6.25 to 31.25%. For the hill zones, there were also four poverty ranks prevalent, with obvious changes over time. The proportion of districts with high poverty declined from 12.82% in 2005 to 0% in 2011, while that with relatively high poverty decreased from 51.28% to 10.26%. The main poverty ranks in the hill region were relatively low and low poverty in 2011. As for the Tarai zone, there were also four poverty ranks in 2005, but only three ranks in 2011, with no high or relatively high poverty ranks. The proportion of districts with relatively high poverty declined from 30% to 0%, while that with low and relatively low poverty ranks increased. 
From the perspective of terrain zones, overall poverty of hill and Tarai presented a reducing trend, as well as a homogenization tendency among districts ( Figure 6 ). However, the poverty incidence of mountain zones showed an increasing trend, especially in the high poverty rank. 
From the perspective of terrain zones, overall poverty of hill and Tarai presented a reducing trend, as well as a homogenization tendency among districts ( Figure 6 ). However, the poverty incidence of mountain zones showed an increasing trend, especially in the high poverty rank. For the mountain zone, there were four poverty ranks with varying proportions prevalent during 2005-2011. The proportion of districts with relatively low poverty increased from 12.5% in 2005 to 31.25% in 2011, and that with relatively high poverty declined from 50% to 18.75%. However, the proportion of districts with high poverty increased from 6.25 to 31.25%. For the hill zones, there were also four poverty ranks prevalent, with obvious changes over time. The proportion of districts with high poverty declined from 12.82% in 2005 to 0% in 2011, while that with relatively high poverty decreased from 51.28% to 10.26%. The main poverty ranks in the hill region were relatively low and low poverty in 2011. As for the Tarai zone, there were also four poverty ranks in 2005, but only three ranks in 2011, with no high or relatively high poverty ranks. The proportion of districts with relatively high poverty declined from 30% to 0%, while that with low and relatively low poverty ranks increased. For the mountain zone, there were four poverty ranks with varying proportions prevalent during 2005-2011. The proportion of districts with relatively low poverty increased from 12.5% in 2005 to 31.25% in 2011, and that with relatively high poverty declined from 50% to 18.75%. However, the proportion of districts with high poverty increased from 6.25 to 31.25%. For the hill zones, there were also four poverty ranks prevalent, with obvious changes over time. The proportion of districts with high poverty declined from 12.82% in 2005 to 0% in 2011, while that with relatively high poverty decreased from 51.28% to 10.26%. The main poverty ranks in the hill region were relatively low and low poverty in 2011. As for the Tarai zone, there were also four poverty ranks in 2005, but only three ranks in 2011, with no high or relatively high poverty ranks. The proportion of districts with relatively high poverty declined from 30% to 0%, while that with low and relatively low poverty ranks increased. From Figure 7 , the most significant change of PI among these sub-combination areas was that the high poverty and relatively high poverty ranks were concentered into the Mid-Western Mountain, the Far-Western Mountain, and the Far-Western Hill from 2005 to 2011. Additionally, the "relief" change of the curve (mean PI) showed a distinct trend that the relative differences among these sub-combination areas were broadened. The result was that the mountain zone of each Region became the area with maximum PI in the same Region. Figure  7 , the most significant change of PI among these sub-combination areas was that the high poverty and relatively high poverty ranks were concentered into the Mid-Western Mountain, the Far-Western Mountain, and the Far-Western Hill from 2005 to 2011. Additionally, the "relief" change of the curve (mean PI) showed a distinct trend that the relative differences among these sub-combination areas were broadened. The result was that the mountain zone of each Region became the area with maximum PI in the same Region. 
Spatial Change of UP Based on District Level in Nepal from 2005 to 2011
According to Section 2.3, the range of the PID for each district between 2005 and 2011 was classified into positive and negative. Positive PID indicated that PI increased from 2005 to 2011, and these districts are referred to as Increased PI. The districts with Increased PI were further classified into two sub-grades based on the degree of increase from low to high: Increased PI 1 (IPI 1) and Increased PI 2 (IPI 2). Negative PID indicated that PI reduced during the study period, and these districts are 
According to Section 2.3, the range of the PID for each district between 2005 and 2011 was classified into positive and negative. Positive PID indicated that PI increased from 2005 to 2011, and these districts are referred to as Increased PI. The districts with Increased PI were further classified into two sub-grades based on the degree of increase from low to high: Increased PI 1 (I PI 1) and Increased PI 2 (I PI 2). Negative PID indicated that PI reduced during the study period, and these districts are referred to as Reduced PI. The districts with Reduced PI were also classified into two sub-grades based on the degree of reduction from low to high: Decreased PI 1 (D PI 1), Decreased PI 2 (D PI 2). Similarly, for PGD and SPGD, they were also further classified into four sub-grades, respectively: Increased PG 1 (I PG 1), Increased PG 2 (I PG 2), Decreased PG 1 (D PG 1), and Decreased PG 2 (D PG 2); and Increased SPG 1 (I SPG 1), Increased SPG 2 (I SPG 2), Decreased SPG 1 (D SPG 1), and Decreased SPG 2 (D SPG 2).
The Spatial Change of PI at the District Level
With regard to the PI change in Development Regions during the study period, except the Far-Western, the other four Regions in Nepal all showed a distinct overall decreasing trend (Table 4 and Figure 8 ). About 25% of the districts presented Increased PI, most of which were located in the Far-Western, Central and Mid-Western. Only 2 of 16 districts showed increasing PI both in the Eastern and Western. Additionally, the Eastern indicated a sounder PI decrease, as its D PI 2 was much bigger than that of the Western. Meanwhile, the districts with decreased PI occupied 75% of the whole nation, most of which was found in the Eastern, the Central and the Western. Although the number of districts with Decreased PI in the Western was the same as that of the Central, the Western held fewer districts with Increased PI. Therefore, the most obvious PI decrease occurred in the Eastern, followed by the Western and the Central. The least PI decrease was the Far-Western, followed by the Mid-Western. 
With regard to the PI change in Development Regions during the study period, except the FarWestern, the other four Regions in Nepal all showed a distinct overall decreasing trend (Table 4 and Figure 8 ). About 25% of the districts presented Increased PI, most of which were located in the FarWestern, Central and Mid-Western. Only 2 of 16 districts showed increasing PI both in the Eastern and Western. Additionally, the Eastern indicated a sounder PI decrease, as its DPI2 was much bigger than that of the Western. Meanwhile, the districts with decreased PI occupied 75% of the whole nation, most of which was found in the Eastern, the Central and the Western. Although the number of districts with Decreased PI in the Western was the same as that of the Central, the Western held fewer districts with Increased PI. Therefore, the most obvious PI decrease occurred in the Eastern, followed by the Western and the Central. The least PI decrease was the Far-Western, followed by the Mid-Western. For terrain zones, there were 34 of 39 districts showing Decreased PI in the hill zone, while that number was seven of 16 and 15 of 20, respectively, in the mountain and Tarai zones. This means that PI decreased at a proportionally greater rate in the hill zone than the other two terrain zones from 2005 to 2011. Furthermore, the mountain zone shows the worst performance for PI decrease.
The Spatial Change of PG at the District Level
When inspecting the PG change in Development Regions, it exhibited an overall decreasing trend for the same four Regions, as their PG decreased from 2005 to 2011 in Nepal (Table 5 and Figure 9 ). 20% of the districts presented Increased PG, most of which were located in the Far-Western and Central. There were only 2 of 16 districts that showed an increasing PG in either the Eastern or Western. In addition, the Eastern exhibited a better PI decrease, as its D PI 2 was much bigger than that of the Western. At the same time, the districts with decreased PI accounted for 80% of the nation, most of which were in the Central, Eastern, Western and the Mid-Western. Therefore, the most obvious PG decrease occurred in the Eastern, followed by the Western and the Central. The worst performance for PG decrease was the Far-Western, followed by the Mid-Western. Figure 9 ). 20% of the districts presented Increased PG, most of which were located in the Far-Western and Central. There were only 2 of 16 districts that showed an increasing PG in either the Eastern or Western. In addition, the Eastern exhibited a better PI decrease, as its DPI2 was much bigger than that of the Western. At the same time, the districts with decreased PI accounted for 80% of the nation, most of which were in the Central, Eastern, Western and the Mid-Western. Therefore, the most obvious PG decrease occurred in the Eastern, followed by the Western and the Central. The worst performance for PG decrease was the Far-Western, followed by the Mid-Western. Physiographically, there were 36 of 39 districts with Decreased PG in the hill zone, while that number was 8 of 16 and 16 of 20 in the mountain and Tarai zones, respectively. Accordingly, from 2005 to 2011 in Nepal, the greatest decline of PI was evident in hill the zone, followed by the Tarai zone. The mountain zone performed worst for decreasing PG during the study period.
The Spatial Change of SPG at the District Level
As for the SPG change in the Development Regions from 2005 to 2011 in Nepal, the overall decreasing trend was indicated more obviously (Table 6 and Figure 10 ). Around 17% of the districts showed Increased SPG, most of which were in the Central. For the Eastern, Western and Mid-Western, Physiographically, there were 36 of 39 districts with Decreased PG in the hill zone, while that number was 8 of 16 and 16 of 20 in the mountain and Tarai zones, respectively. Accordingly, from 2005 to 2011 in Nepal, the greatest decline of PI was evident in hill the zone, followed by the Tarai zone. The mountain zone performed worst for decreasing PG during the study period.
As for the SPG change in the Development Regions from 2005 to 2011 in Nepal, the overall decreasing trend was indicated more obviously (Table 6 and Figure 10 ). Around 17% of the districts showed Increased SPG, most of which were in the Central. For the Eastern, Western and Mid-Western, the number of districts with Increased SPG was all the same, i.e., two. While in the Far-Western, that number was three. Meanwhile, the districts with Decreased SPG occupied 83% of the country, most of which was in the Central, Eastern, Western and the Mid-Western. Hence, the Eastern presented the best performance for SPG decrease, followed by the Central and the Western. Additionally, the worst performance for SPG decrease was in the Far-Western, followed by the Mid-Western. which was in the Central, Eastern, Western and the Mid-Western. Hence, the Eastern presented the best performance for SPG decrease, followed by the Central and the Western. Additionally, the worst performance for SPG decrease was in the Far-Western, followed by the Mid-Western. From the perspective of terrain, there were 36 of 39 districts with Decreased SPG in the hill zone, with that number being 10 of 16 and 16 of 20, respectively, in the mountain and Tarai zones. Hence, during the study period in Nepal, the greatest SPG decline happened in the hill zones, followed by the Tarai zone. Additionally, the mountain zone still performed worst for decreasing SPG from 2005 to 2011.
Combination of UP and Economic Development at the District Level in Nepal in 2011
GDP per capita of each district in Nepal was used to describe the nation's development level of economic activities in view of the district scale. Delaunay Triangulation Clustering, which is powerful for capturing spatial proximity and clustering [70] , was employed here to investigate the combination relationship of UP and economic activities for Nepal in 2011. From the pseudo-statistical results (Figure 11) , it was demonstrated that the proper number of the combination groups to indicate the combination models between economic activity and each of FGT indices (PI, PG and SPG) was supposed to be "5". In addition, Table 7 also clarifies the parameters for the combination models. From the perspective of terrain, there were 36 of 39 districts with Decreased SPG in the hill zone, with that number being 10 of 16 and 16 of 20, respectively, in the mountain and Tarai zones. Hence, during the study period in Nepal, the greatest SPG decline happened in the hill zones, followed by the Tarai zone. Additionally, the mountain zone still performed worst for decreasing SPG from 2005 to 2011.
GDP per capita of each district in Nepal was used to describe the nation's development level of economic activities in view of the district scale. Delaunay Triangulation Clustering, which is powerful for capturing spatial proximity and clustering [70] , was employed here to investigate the combination relationship of UP and economic activities for Nepal in 2011. From the pseudo-statistical results (Figure 11) , it was demonstrated that the proper number of the combination groups to indicate the combination models between economic activity and each of FGT indices (PI, PG and SPG) was supposed to be "5". In addition, Table 7 also clarifies the parameters for the combination models. Consequently, the combination models for PI-GDP per capita combination, PG-GDP per capita combination and SPG-GDP per capita combination are listed as Figures 12-14 , respectively. For the PI-GDP per capita combination (Figure 12) , the five models are as follows: High PI-High GDP per capita (HH1), High PI-Low GDP per capita (HL1), Medium PI-Low GDP per capita (ML1), Low PIHigh GDP per capita (LH1), and Low PI-Medium GDP per capita (LM1). For the PG-GDP per capita combination (Figure 13) , the five models are as follows: High PG-High GDP per capita (HH2), High PG-Low GDP per capita (HL2), Medium PG-Low GDP per capita (ML2), Low PG-High GDP per capita (LH2), Low PG-Medium GDP per capita (LM2). For the SPG-GDP per capita combination (Figure 14) , the five models are as follows: High SPG-High GDP per capita (HH3), High SPG-Low GDP per capita (HL3), Medium SPG-Low GDP per capita (ML3), Low SPG-High GDP per capita (LH3), Low SPGMedium GDP per capita (LM3).
As shown by Figures 12-14 , for the combination modes of PI-GDP per capita, PG-GDP per capita and SPG-GDP per capita, three patterns, HL, ML and LM, occupied around 95% of all the districts. Additionally, the other two patterns of combination models, HH and LH, were found in the same districts. Furthermore, the former three patterns matched with the anticipation that economic development would be boosted and have a positive correlation with poverty alleviation, and vice versa. The latter two patterns only covered a very limited part of the nation. The HH pattern means that the high FGT indices (PI, PG and SPG) was closely related with the high level of economic development. Therefore, the HH pattern is inconsistent with this expectation. The two districts, Mustang and Manang, with the HH pattern, the UP of which was covered by the performance of a higher GDP per capita. The LH pattern was only located in Kathmandu and Bhaktapur, in the Kathmandu Valley, the most developed place in Nepal.
Moreover, the combination modes for PI-GDP per capita were little different from those of the PG-GDP per capita and the SPG-GDP per capita, which presented the same distribution across the whole nation. Obviously, the Western played the role of a border dividing the low and medium GDP per capita of districts. In the west of the Western, the main combination modes for districts were HL and ML. Meanwhile, in the east of the Western, the districts were dominated by the combination model of LH. Consequently, the combination models for PI-GDP per capita combination, PG-GDP per capita combination and SPG-GDP per capita combination are listed as Figures 12-14 , respectively. For the PI-GDP per capita combination (Figure 12) , the five models are as follows: High PI-High GDP per capita (HH 1 ), High PI-Low GDP per capita (HL 1 ), Medium PI-Low GDP per capita (ML 1 ), Low PI-High GDP per capita (LH 1 ), and Low PI-Medium GDP per capita (LM 1 ). For the PG-GDP per capita combination (Figure 13) , the five models are as follows: High PG-High GDP per capita (HH 2 ), High PG-Low GDP per capita (HL 2 ), Medium PG-Low GDP per capita (ML 2 ), Low PG-High GDP per capita (LH 2 ), Low PG-Medium GDP per capita (LM 2 ). For the SPG-GDP per capita combination (Figure 14) , the five models are as follows: High SPG-High GDP per capita (HH 3 ), High SPG-Low GDP per capita (HL 3 ), Medium SPG-Low GDP per capita (ML 3 ), Low SPG-High GDP per capita (LH 3 ), Low SPG-Medium GDP per capita (LM 3 ).
Moreover, the combination modes for PI-GDP per capita were little different from those of the PG-GDP per capita and the SPG-GDP per capita, which presented the same distribution across the whole nation. Obviously, the Western played the role of a border dividing the low and medium GDP per capita of districts. In the west of the Western, the main combination modes for districts were HL and ML. Meanwhile, in the east of the Western, the districts were dominated by the combination model of LH. 
Discussion
(1) While PI measures the proportion of the poor, it cannot demonstrate the extent of the poor. Likewise, PG cannot show the difference of poor inequality. Considering poverty inequality, the SPG was constructed by averaging the squares of PG relative to the poverty line, identifying those who fall far away from the poverty line. Comparing the change of PI, PG and SPG in Nepal from 2005 to 2011, there was not only a "degree" change, but also a "direction" change for specific districts. Here, degree changes of PI, PG and SPG mean that the classifications for PID, PGD and SPGD of specific district vary only with Reduced or Increased. Whereas, the direction change of those means that the classifications among PID, PGD and SPGD for specific district vary across Reduced and Increased. Most of the districts kept the same classifications or showed the same degree change for PID, PGD and SPGD in the study period. This indicates that the proportion of poor people, poverty depth and the situation of the poorest at the district scale changed synchronously throughout most of Nepal from 2005 to 2011. Specifically, there were 13 districts with increased PI, increased PG and increased SPG during the period (Table 8) . At the same time, there were six districts with a direction change, most of which were located in the Mid-and Far-Western, as well as the mountain and hill zones. Although only six districts with a direction change were identified (Table 9) , it was helpful for policy making for targeted poverty elimination. As shown in Table 9 , the proportion of the poor (PI) in the six districts increased; nevertheless, their PG and SPG decreased, which indicates that the average depth of poverty (poverty gap) narrowed, while the situation of the poorest also improved. 
(1) While PI measures the proportion of the poor, it cannot demonstrate the extent of the poor. Likewise, PG cannot show the difference of poor inequality. Considering poverty inequality, the SPG was constructed by averaging the squares of PG relative to the poverty line, identifying those who fall far away from the poverty line. Comparing the change of PI, PG and SPG in Nepal from 2005 to 2011, there was not only a "degree" change, but also a "direction" change for specific districts. Here, degree changes of PI, PG and SPG mean that the classifications for PID, PGD and SPGD of specific district vary only with Reduced or Increased. Whereas, the direction change of those means that the classifications among PID, PGD and SPGD for specific district vary across Reduced and Increased. Most of the districts kept the same classifications or showed the same degree change for PID, PGD and SPGD in the study period. This indicates that the proportion of poor people, poverty depth and the situation of the poorest at the district scale changed synchronously throughout most of Nepal from 2005 to 2011. Specifically, there were 13 districts with increased PI, increased PG and increased SPG during the period (Table 8) . At the same time, there were six districts with a direction change, most of which were located in the Mid-and Far-Western, as well as the mountain and hill zones. Although only six districts with a direction change were identified (Table 9) , it was helpful for policy making for targeted poverty elimination. As shown in Table 9 , the proportion of the poor (PI) in the six districts increased; nevertheless, their PG and SPG decreased, which indicates that the average depth of poverty (poverty gap) narrowed, while the situation of the poorest also improved. The change differentiation of PI, PG and SPG together provided a useful reference for Nepal's poverty elimination. According to Table 8 , the 13 districts showed a deteriorating trend of poverty change, as the PI, PG and SPG all increased. These districts are supposed to be the key area for poverty alleviation. From Table 9 , the proportion of the poor in the six districts was identified as increasing simultaneously with the mitigation of poverty depth of the general poor as well as the poorest. For the other 56 districts, PI, PG and SPG all showed an improving trend, as all three indices decreased. Therefore, poverty reduction actions in the future for the nation should consider the following order of priority: the 13 districts, the six districts, and the other 56 districts.
(2) In 1990, poverty elimination started to attract priority political focus in Nepal, although the economic and poverty have attracted attention since the nation's planned development. Since then, the Ninth Plan (1997) (1998) (1999) (2000) (2001) (2002) , with the main aim of poverty alleviation, was developed as a part of a 20-year long-term action plan. Then poverty reduction was deemed to be the overriding target in the Tenth Plan (2002) (2003) (2004) (2005) (2006) (2007) , which was formulated on the basis of the Poverty Reduction Strategy Paper (PRSP) [71] . Guided by Poverty Alleviation Fund (PAF) Ordinance 2003, the PAF has been established in Nepal. Nowadays, the poverty alleviation activities work under the PAF Act 2006 [72] . The ultimate objective of PAF was to diminish the population living in extreme poverty through the approaches of setting a demand-driven program, directly funding communities as well as sharing community costs as per targeted pro-poor guidelines, consideration of social inclusion, and transparency. Lowering the poverty incidence to 10 percent by 2017 was proposed as one of PAF's main goals. Between 2004, when PAF started, and 2012, all 75 districts in Nepal were covered by the PAF program, with a total grant of around USD 150 million invested into Community Organizations (COs) of local districts. Apart from the PAF program, the Youth and Small Entrepreneur Self-Employment Fund, the Foreign Employment Program, and the Western Upland Alleviation Project were implemented throughout the entire county for combatting poverty.
Completing more than 55 years of planned development, as well as implementing varied pro-poor activities and programs, obvious positive impacts were witnessed for the poor, such as consumption ability rising, food insecurity reducing, income increasing, social inequity decreasing, and school attendance and women's empowerment improving. However, the nation is not able to sustain the growing employment demand for economically active labor, especially for those who live in marginalized communities in remote mountains, such as the Mid-Western and Far-Western Regions [71] . Even the Western Upland Alleviation Project, which was one of few poverty interventions only targeting the mountainous environment, was still not satisfactory, due to the relatively low quality of training for local participating members (communities) in business enterprises, the inadequacy of the delivered service, knowledge handling, and so on [73] .
(3) Confined by the data, we did not analyze the change of economic development or investigate the combination mode of economic change and UP change in Nepal from 2005 to 2011. The latter might be more sensitive to the correlation between poverty eradication and economic development in Nepal. However, the GDP per capita is one of the most commonly used indicators for observing a nation's economic development and is relatively stable over quite a long term. Therefore, our analysis regarding the combination of UP and economic development of Nepal in 2011 is still relatively reliable.
Furthermore, we used total value-added proportion, as well as the employed population distribution of three major industrial sectors, to express the productive structure and the employment level for Development Regions of Nepal during the study period. In Tables 10 and 11 , the productive structure and the employment level together empirically indicate the close relatedness between economic development and poverty change, specifically for the Western, the Mid-Western and the Far-Western Regions, as well the mountains. From 1995 to 2010, around 50% of the poverty eradication observed in Nepal relied on labor income growth, especially for nonagricultural activities [71] . Specifically, the second half of the 2000s witnessed a succession of unprecedented increase in remittances on the share of GDP, from 15% in 2005 to 22% in 2010 [74] . There was no doubt that non-agricultural income, including migrants working abroad, underscored a significant role for poverty reduction. As such, the continued heavy reliance on primary sectors (including agriculture, fisheries and forestry), with the lackluster improvement of secondary and tertiary industries, as well as the low proportion of non-agricultural labor, coincided with the poor performance of poverty alleviation during our study period in the mentioned regions. (4) The observed poverty trends across Nepal showed a clear alignment with the terrains, which was then modified in relation to the urban centers. In the simplest sense, it is possible to interpret the observed result as being the result of migration from the mountainous areas to the lowlands and hill tract urban centers, along with the continued development of the central hill regions. This was reflected in the increase in proportional poverty in the lowland regions, particularly in the west, and in the Kathmandu Valley as a result of the arrival of relatively poor migrants, predominantly from the western mountain regions. The increase in poverty proportion in the Western mountainous region, then, being a reflection of the residual trapped population who are not financially able to migrate, is a phenomenon that has been widely recognized in the migratory literature. This phenomenon is particularly prevalently expressed in the east and in the Kathmandu Valley. The increase in the proportion of poverty in the lowland regions and urban centers may also be assisted by the nature of proportional statistics, where it becomes harder and harder to elicit the same proportion of growth over a larger overall economy. The hill areas, which primarily occupy the mid latitudes of the country, except for in the east, where the hills penetrate further up the country, showed the greatest proportion of growth. This was interpreted as being the consequence of the tendency to have early gains in development as areas open up for development, as well as the simple fact that it is easier to proportionally develop an economy from a low starting point. Finally, the mountain areas, like the lowland areas of the south, lost their relatively less poor populations to migration while still being highly inaccessible for development, and as such they remain areas of declining population density but increasing deprivation.
(5) The outcome of our poverty analysis was crudely and primarily defined by monetary/income poverty (unidimensional poverty), employing the official statistical information of three FGT indices at a district level. This definition, as well as the related calculations, have been criticized due to its inadequate depiction of a wider and multiple deprivation profile for human well-being [12] . Nonetheless, for the most severely impoverished countries in Sub-Saharan Africa and South Asia, the economic background underpinning income poverty keeps playing a fundamental role in constricting general living and the development of conditions of health and education, as well as living standards, especially when the nation cannot deliver adequate basic public services, such as piped water, electricity, cooking fuel or sanitation [24] . As for our study, the Nepalese poor's economic well-being is much more related with the aforementioned basic facilities, against a background of sluggish economic growth with very few exports, as well as high population growth with high dependency of the rural population on the primary industrial sector [74] . In addition, Nepal offers research potential for studying spatial poverty induced by terrain and geographical environment at a country level. Due to data accessibility, our study period was limited to the period from 2005 to 2011 in Nepal. However, compared with the existing studies on Nepal poverty [4, 19, 22, 23, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] , this study provided a contextual background on the overall trend of poverty change, the poverty concentration, the spatial change of UP (PI, PG and SPG), and the combination mode of UP-economic development along different dimensions and at district scales. This provided the opportunity to elucidate and consider potential drivers of development at a national scale.
Consequently, we argue that our conceptualization of poverty measures might be questioned in terms of its appropriateness; however, the novelty of the findings originating from multi-geographical analysis should not be diminished. With new and credible socio-economic and environmental data access in the future, we understand that it would be more impressive to utilize a similar multi-geographical perspective to observe multidimensional poverty and diversified deprivations in Nepal. Additionally, Nepal's districts are usually heterogeneous in terms of social and environmental conditions. There may be geographic or administrative units smaller than districts that could better reflect the refined spatial texture of poverty dynamics, as well as being beneficial to illustrating the potential factors driving poverty change. The period from 2005 to 2011 is critical to the nation, as it coincided with the half decade of unsettled post-conflict recovery after a violent and enervating Maoist conflict, as well as being the period in which Nepal's overall economy shuddered forward and started to have an inferior economic growth of around 3% to 4% [74] . Additionally, this paper aims to utilize the available secondary data to make an assessment of poverty in Nepal from 2005 to 2011, which is a critical period for the country, as illustrated. Therefore, the study was designed to address the quantitative issues surrounding the metrics of poverty, and as such does not address many of the qualitative issues. Such a combined approach would certainly be territory for further research in this area, but would require a sampled field strategy beyond the financial scope of the work outlined. All the same, more research will be attempted and conducted through the combination of quantitative as well as qualitative approaches in the future. This notwithstanding, from the multi-geographical perspective, this research is the first to have investigated the contextualized background of Nepal's poverty dynamics from 2005 to 2011 through extensive analysis and based on the available data to date.
Conclusions
Based on FGT indices and the GDP per capita of Nepal at a district scale, this study investigated the UP change and poverty concentration in Nepal from 2005 to 2011 based on administrative and geographical divisions, as well as the combination relationship between each of the FGT indices (PI, PG and SPG) and the economic development of Nepal in 2011. We came to the following conclusions:
I.
The overall poverty in Nepal showed a downward trend from 2005 to 2011. As well as the Development Regions and terrain zones, the PI, PG, SPG and poor people displayed gradually decreasing trends over the study period. In terms of the extent of decrease of PI and poor people, the Far-Western and mountain zone displayed a downward trend, but to a lesser extent. For the poverty concentration in Nepal, it was found that the concentration of poverty for the whole nation in 2011 was greater than that in 2005 based on the Lorenz curves of poverty distribution. As for the Regions, poor people had become more centralized in 2011 than they were in 2005 in the Central, the Western, and the Mid-Western. However, in comparison to other Regions, poor people in the Far-Western showed a more even distribution over the study period. Similarly, in the different terrains, more poor people were centralized in the mountain and hill zones. Overall, the agglomeration of overall poverty increased over the period studied. III. From the PI comparison carried out for the administrative, geographical and geographical-administrative dimensions, varied changes were observed during the study period. For Regions, the overall poverty of four Regions showed a reducing trend, while that of the Far-Western presented an increasing trend, and the poverty of the Eastern and Central decreased significantly over time. As for the terrains, overall poverty in the mountain zone increased, but it decreased in the hill and Tarai zones. In terms of the sub-combination areas under the geographical-administrative dimension, the most significant change of PI was that the high poverty and relatively high poverty ranks were concentered into the mountains of the Mid-Western and Far-Western, and the hill area in the Far-Western. IV. According to the district-based spatial change of three FGT indices in Nepal, different changes of PI, PG and SPG were inspected. Firstly, the most obvious PI decrease happened in the Eastern, followed by the Western and the Central, and the worst PI decrease occurred in the Far-Western, followed by the Mid-Western. Secondly, the most obvious PG decrease occurred in the Eastern, followed by the Western and the Central, and the worst performance of PG decrease was found in the Far-Western followed by the Mid-Western. Thirdly, the best performance of SPG decrease was in the Eastern, followed by the Central and Western, and the worst SPG decrease was in the Far-Western, followed by the Mid-Western. Additionally, for the decrease of all three FGT indices, the mountain zone performed worst, followed by the hill and Tarai zones. V.
By Delaunay Triangulation Clustering, five-pattern clustering was thought to be able to best describe the spatial relationship of UP and economic development. Three patterns, HL, ML and LM, in accordance with common logic, accounted for 95% of all the districts. The other two patterns, HH and LH, were observed in the same locations, taking a very limited part. The HH pattern did not stay in step with the common understanding, but the LH pattern did, just sitting in the main part of the Kathmandu Valley. Furthermore, the combination modes of PI-GDP per capita varied with those of PG-and SPG-GDP per capita. The latter exhibited the same location in the country. The Western Development Region was the border of low and medium GDP per capita at the district scale. The main combination modes for districts were HL and ML in the west of the Western, and the districts in the east of the Western were dominated by LH. 
